Publication performance of academic departments hints at research activity and attractiveness for employees. The aim of this retrospective bibliographic study was to compare publication performance of academic anaesthesiology departments in Belgium, France and the Netherlands. Outcome measures were number of publications, original articles and number of citations per department, number of publications per anaesthesiologist and per capita and average impact factor per department. Articles published by university-affiliated anaesthesiology departments between January 1, 2001 and December 31, 2015 were included. Articles were imported from Medline into the databank with "Perl-Scripts" and electronically linked to academic anaesthesiology departments according to the affiliation field of the corresponding author. Publication performance was assessed for the periods 2001-2005, 2006-2010, 2011-2015 and 2001-2015. From 2001 to 2015 in all three countries, the absolute numbers of articles increased (+ 110%), while the number of original research articles decreased (− 53%). Paris Diderot (Paris 7) booked the largest number of publications and achieved the highest average impact factor, while Pierre et Marie Curie (Paris 6) published the largest number of original articles and achieved the highest number of citations. Besançon had the highest average impact factor per article and the Netherlands the largest number of publications per capita. In Belgium, France and the Netherlands, the number of publications increased from 2001 to 2015. From 2001 to 2015 the number of publications increased, while the number of original articles decreased. France was seen to have the largest number of publications, while Belgium and the Netherlands had more publications per capita.
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Background
Publications are important for academic anaesthesiology departments, because prestige, attractiveness for employees and academic funding depend on them. A study of publications in ten anaesthesia-related journals revealed that the United States published the largest number, followed by the United Kingdom and Japan (Figueredo et al. 2003) . The northern European countries scored the largest number of publications per inhabitant, whereas the largest percentage increase during the period was found in Germany (Figueredo et al. 2003; Swaminathan et al. 2007) . Most previous bibliometric studies had some limitations. For instance, most focused on some prestigious anaesthesiology journals, and it was felt that part of the reduction in publications was due to a publication bias with studies published in a large variety of other clinical and non-clinical journals (Swaminathan et al. 2007; Rahman et al. 2002) . Recently, one study covered for the first time research published by academic anaesthesiology departments in a study covering Medline publications (Putzer et al. 2014) . The study concluded that in Austria, Germany and Switzerland publications had decreased between 2001 and 2010 (Putzer et al. 2014) . Declining shares of publications in selected anaesthesiology journals were reported from the United Kingdom and the United States (Pandit 2005; Feneck et al. 2008; Szokol et al. 2003) . For the United States, the number of research articles identified in anaesthesiology journals increased in 2010, but the number of basic science articles continued to shrink (Pagel and Hudetz 2012) .
Consequently, the aim of this study was to study for the first time publication trends at academic anaesthesiology departments in Belgium, France and the Netherlands. Our primary hypothesis was that the number of publications in Belgium, France and the Netherlands remained stable. Our secondary hypothesis was that the number of publications had changed.
Methods
This study assessed the publication activity of academic (i.e. university-affiliated) departments of anaesthesiology in Belgium, France and the Netherlands. All articles published in Medline between January 1, 2001 and December 31, 2015 were included in the study. Two steps were taken to include articles in English and in the original language of a given country: (1) Articles were electronically assigned to anaesthesiology departments by searching for the word "anaesthesiology" (i.e. anaes*, anäs* and anes*) in the affiliation field of the authors. (2) Medline was searched for translations and alternative spelling of the name of the countries and cities, e.g. "Belgium" and "België". The publication date of the print version was decisive for the analysis, and only for online-only publications was the date of the electronic publication taken into account. A publication was allocated to more than one academic anaesthesiology department if authors were affiliated to more than one department.
3
Articles were imported into a databank with Perl-Scripts (i.e. high-level, dynamic programming language script). The journal impact factor (i.e. reflecting the yearly average number of citations of recently published articles in a given journal) as reported in the most recent Institute for Scientific Information (ISI) 2015 Web of Science Journals Citation Report was retrieved for all articles (Thomson Reuter 2018).
We report (1) the number of overall publications, (2) the number of original research publications, (3) the average impact factor, the average impact factor per article and the average impact factor per million inhabitants in the three countries. Medline publications were included as original articles if the articles were classified as one of the following article types: "clinical trial", "comparative study", "controlled clinical trial", "evaluation study", "multicenter study", "randomized controlled trial", "technical report", "twin study", "validation study".
Results
An additional file shows the 50 university-affiliated academic anaesthesiology departments in Belgium, France and the Netherlands that were incorporated in this study (Additional File 1). Worldwide Medline counted 116,415 publications published by anaesthesiology departments in 4476 journals between 2001 and 2015. Of these, 7393 publications where published by academic anaesthesiology departments in Belgium, France and the Netherlands; only these publications were used for this study. Of the study publications 4933 (67%) were published in journals belonging to the categories anaesthesiology, critical care medicine and emergency medicine, i.e. journals with a primary focus on anaesthesiologyrelated topics.
National achievements
France published the largest number of articles, followed by the Netherlands and Belgium. Table 1 shows the total number of publications produced by the anaesthesiology departments of university versus non-university hospitals in Belgium, France and the Netherlands. The focus of a non-university hospital is patient care; the objectives of a university hospital are patient care, research and education. A university hospital is part of and cofunded by a medical university. A non-university hospital may be affiliated with a university (e.g. teaching hospital), but is not substantially funded by a university.
When extrapolating the number of publications per capita, Belgium scored highest from 2001 to 2005, followed by the Netherlands and France. Between 2006 and 2015, the Netherlands had the largest number of publications per capita, followed by Belgium and France (Table 2) . From 2001 to 2015, the Netherlands scored first again ( Table 2 ).
The number of anaesthesiologists per country was retrieved from two recent publications (Meeusen et al. 2010; Halbeis et al. 2007) . Table 3 illustrates the number of publications per anaesthesiologist during the period 2001-2015. The Netherlands scored the highest number of publications per anaesthesiologist, followed by Belgium and France. 
Number of publications
Original research publications
From 2001 to 2015, the anaesthesiology department at Pierre et Marie Curie (Paris 6) published the largest number of original research articles (105), followed by Rotterdam (80), Paris Diderot (79), Lyon (68) and Montpellier (64) ( Table 5 ).
Number of citations per university
Pierre et Marie Curie University (Paris 6) achieved the highest number of citations from 2001 to 2015 (8389), followed by Paris Diderot (7278), Rotterdam (4567), Montpellier (4271) and Lyon (3786) ( Table 6 ). We used the affiliation of all authors of the included publications to calculate the number of citations per university.
Average impact factor
The average impact factor is the mean of all impact factors. (7), Brest (6) and Saint-Etienne (5.7) led the field (Table 7) .
Trends
The number of publications brought forth by the academic anaesthesiology departments in Belgium, France and the Netherlands increased overall in each country between 2001 and 2015 (Table 1) . In Belgium, the number of publications decreased between 2006 and 2010 (274) as compared to 2001 and 2005 (301) , but increased again in 2011-2015 (510) . In France, the number of publications climbed from 2001-2005 (1128) , to 2006-2010 (1226) and 2011-2015 (1973) . In the Netherlands, 345 articles were published in 2001-2005, 549 in 2006-2010 and 1234 in 2011-2015 (Table 1) . 
University versus non-university hospitals
A comparison of the number of publications from anaesthesiology departments in university versus non-university hospitals shows that for each time period the number of publications produced by the university hospitals in Belgium, France and the Netherlands surpassed the number of publications from the non-university hospitals (Table 1) . Similar to the university hospitals, the number of publications credited to anaesthesiology departments in non-university hospitals increased between 2001 and 2015. As for the number of original articles, the non-university hospitals are seen to produce fewer than the university hospitals, but their numbers follow the same trend (Table 8) .
Discussion
From 2001 to 2015 in all three countries, the absolute number of articles increased, while the number of original research articles decreased and the share of original research articles fell in comparison to all publications. Paris Diderot (Paris 7) brought forth the largest number of publications and achieved the highest average impact factor, while Pierre et Marie Curie (Paris 6) published the largest number of original articles and achieved the highest number of citations. The Netherlands published the largest number of articles per capita and per anaesthesiologist, followed by Belgium and France. This study does not limit itself to anaesthesiology journals studied in previous bibliometric analyses, but was a Medline-wide analysis. Some of the highest ranked and cited anaesthesiology-relevant articles are published in general medicine (e.g. NEJM) (Van den Berghe et al. 2001; Hébert et al. 1999 ) and other non-anaesthesiology journals because of the higher impact factor these journals have, or because research is conducted in a field not attributable to anaesthesiology, which makes the articles unsuitable for publication in an anaesthesiology journal. Further, many previous bibliometric studies included only English-language articles and therefore practiced a selection bias in favour of native English-language authors (Figueredo et al. 2003; Lyons 2016) . Therefore, the analysis method employed in the present study is the most sophisticated used to date to evaluate national and departmental research output in anaesthesiology.
The ranking is given according to the number of publications of a given academic anaesthesiology department ). The reduction in junior doctor's hours brought about by the European Working Time Directive, stricter clinical rotas with less academic time, and frequent rotations between hospitals may impede academic output (White and Walker 2008) . Additionally, the conduct of both experimental and clinical studies has become more complex. For example, a medical device trial nowadays requires registration with an appropriate national authority, ethics approval from a research ethics committee and sponsorship by a company or institution and several prerequisites must be met to ensure that such a trial is conducted in accordance with all legal requirements (European Commission 2014). This and a similar process for animal and pharmacological studies have increased the complexity and cost of studies (European Commission 2010) and probably reduced the number of original research studies being published by research groups. For example, in the 3 years following the introduction of the European Clinical Trials Directive (ECTD), research studies involving human subjects decreased by 9.2% in Europe and 5.2% in the UK (Rahman et al. 2002) . The same reduction in research output was noticed in the United States for the same period. This could be due to the introduction of the 2003 revision of the Code of Federal Regulations relating to investigational new drug applications, and the 2004 proposals concerning national clinical trials registration Walker et al. 2009 ).
Number of publications and average impact factor per inhabitant
Of the three countries, France shows the highest absolute number of publications, while the Netherlands and Belgium count more publications per capita (Tables 1, 2) . A similar phenomenon can be observed elsewhere in Europe, where smaller countries (e.g. Austria, Scandinavian countries and Switzerland) conduct research more efficiently than their more populated peers, which results in more publications per capita (Skram et al. 2004 ). The research and clinical productivity of a hospital is a measure of the efficiency, innovation, performance and quality of a given system. Hospital productivity can attract healthcare providers and researchers to apply for jobs and funding organizations to provide more financial support. Consequently, good marketing of this scientific success may attract
The ranking is given according to the number of publications of an anaesthesiology department 1 3 additional patients to a given hospital. The research productivity of an institution depends on financial support, the number of researchers, institutional priorities (science, teaching, clinical work) and the experience and passion of the research team. Funding and the number of PhD students are key. Institutional priorities, experience and passion of researchers are important but difficult to examine.
Worldwide from 1996 to 2014, France ranked 5th with regard to publications in anaesthesiology, the Netherlands 11th, and Belgium 18th (Feneck et al. 2008) . In 2013, research and development expenditure in France amounted to 2.23% of the gross domestic product, in Belgium it was 2.28% and the Netherlands 1.98%. An additional file shows this in more detail (Additional File 2) (The World Bank 2016). This expenditure stands in contrast to our results. Another important factor in funding is grant income, which is difficult to measure for every academic anaesthesia department (Pandit 2008; Ward 2014) .
Use of the impact factor has some limitations. The impact factor of a journal is often used as a proxy for the scientific relevance of an article. Thus, articles published in journals with higher impact factors are deemed to be more relevant. However, the impact factor is merely a broad-brush indicator of the journal's success in being cited and not-as practiced by many researchers and funding organisations-a proxy for the quality of a particular article. Thus, the impact factor attributed to an original article may overestimate the real impact and value of that article. Moreover, researchers in non-English-speaking countries, like Belgium, France and the Netherlands, may be at a linguistic disadvantage when publishing in English-language medical journals, which constitute the elite in medical literature. The ability of a researcher to write an article in perfect English does not necessarily correlate with the quality of his research (Callaway 2016; Lenhard and Johnson 2007; Fassoulaki et al. 2001) . In some European countries the impact factor of a given article is viewed as being more important than in Canada or the United States. This is mainly because a higher impact factor will help acquire further research funding and promote the author's academic career (Fassoulaki et al. 2001 ).
Trends
Between 2001 and 2015 the quantity of publications increased in Belgium by + 63%, in France + 75%, and in the Netherlands + 258% (Table 1) . This stands in contrast to another study showing that in the United Kingdom between 1997 and 2006 publications diminished by 5.7% (Feneck et al. 2008) . Similarly, another study reported a decline in Austria (− 7%), Germany (− 0.5%), and Switzerland (− 8%) between 2001 and 2010 (Putzer et al. 2014) . A recent study showed that between 2001 and 2015 the number of publications in the EU and EFTA countries increased (Cools et al. 2017) , whereas the number of original articles decreased; similar findings were reported for Scandinavia and the G20 countries Miller et al. 2018) . One might think that the number of PhD students is an important factor determining the number of publications, but there seems to be no relation between the number of PhD students and the number of publications produced by Belgium, France or the Netherlands (The World Bank 2016; Eurostat 2012) . This is illustrated in Additional File 2 (see Additional File 2). A comparison of our results and those for other medical disciplines reveals that the absolute number of urology articles increased worldwide between 1996 and 2010 (+ 78.4%) (Chertin et al. 2012) . The absolute number of otorhinolaryngology publications also increased between 1993 and 2007 (+ 84.7%) (Even-Or et al. 2009 ). In orthopaedic surgery the period [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] showed an increase in the number of publications (139.1%) (Lee et al. 2011) . Similarly, the mean impact factor for plastic surgery articles from the Netherlands increased from 2009 to 2013 (+ 21.8%) (Rymer and Choa 2015) . IP/Art denotes average impact factor per article. The ranking is given according to the number of publications of a given anaesthesiology department 
Limitations of this study
Medline contains a large volume of publications, which were automatically scanned for this study. The disadvantage of a computer-based search is that it is impossible to check whether all anaesthesiology-related articles were incorporated in this study. In addition, articles that were not listed in Medline were not included in this study. Also, if "anaesthesiology" (or anaes*, anes*) was not mentioned in the affiliation field, the article was not included in our study. Anaesthesiology departments not affiliated with university hospitals were not included in this study. For example, cities may have large non-university affiliated hospitals that publish research articles. The aim of our study was to investigate research published by university hospitalaffiliated anaesthesiology departments. Therefore, we included only articles published by anaesthesiologists working in university anaesthesiology departments.
The number of anaesthesiologists per country was retrieved from two recent publications and is a vague reflection of the number of anaesthesiologists working in a given anaesthesiology department; precise numbers were not available for individual departments. Another important factor in the inter-country difference may be the presence of anaesthesia nurses, who are allowed to conduct anaesthetic procedures in the Netherlands and France but not in Belgium. This difference may limit the time available to Belgian anaesthetists for research during working hours. We do not know the number of cases performed by anaesthesia nurses. While the number of anaesthesia nurses in France is known, the number of cases they perform per year is not. In Belgium the anaesthesia nurse is not a recognized profession. We were not able to obtain the number of anaesthesia nurses in the Netherlands.
In 2014, Pubmed introduced an affiliation field for every author. Previously, there was only one affiliation field for the corresponding author. Depending on the publisher, the affiliation field sometimes also contained the affiliation of all authors as free text. This can lead to a bias in research outcome for articles that were published since 2014. Another limitation of this study is the fact that we do not provide an h-index, which pertains to individual authors, nor citations per article. Both parameters would require an in-depth analysis that would surpass the scope and limits of this article.
Conclusions
In Belgium, France and the Netherlands, the number of publications increased from 2001 to 2015 as compared to other European countries such as Austria, Germany, Switzerland and United Kingdom. France had the largest number of publications, but Belgium and the Netherlands produced more publications per capita. Overall, publications increased, while the number of original articles decreased.
